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DESCRIPTION 

Current Supply Circuit and Display Device Equipped Therewith 

5 Technical Field 

The present invention relates to a current supply circuit, and more particularly, 
to a current supply circuit providing an analog current corresponding to digital data, and 
a display device in which each pixel includes a current-driven light-emitting device such 
as an organic electroluminescent (EL) device having varying emission brightnesses 
10 depending on an electric current, thereby performing gray-scale display using a current 
provided by the current supply circuit. 

Background Art 

In the field of flat panel displays, self-emitting display devices with each pixel 
15 composed of a current-driven light-emitting device are gaining in popularity! A self- 
emitting display device features good visibility as well as excellent dynamic imaging 
characteristics. Among the current-driven light-emitting devices, light-emitting diodes 
(LEDs) are particularly well known. 

Generally, a display device has a plurality of pixels arranged in a matrix, which 
20 are successively driven using dot-sequential or line-sequential scanning and are supplied 
with a display current. They provide a brightness corresponding to the display current 
supplied during the driving until they are driven next time. The display current 
received by the pixels is typically an analog current to achieve gray-scale display. The 
analog current is set at levels between the maximum and minimum brightnesses for each 
25 emitting device such that it can provide gray-scale display. 

Thus, a display device including a current-driven light-emitting device requires a 
current supply circuit that accurately generates a display current corresponding to image 
data indicating brightness in gray-level for each pixel. In general, image data is digital 



- 1 - 



data with a plurality of bits. 

A current supply circuit in such a display device for supplying a display current 
for gray-scale display (hereinafter also referred to as "gray-scale current") is disclosed in, 
for example, Japanese Patent Laying-Open No. 1 1-212493 (hereinafter referred to as 
5 "conventional art"), Fig. 1 . A current supply circuit according to the conventional art 
uses thin film transistors (TFTs) which are selectively turned on/off in response to a 
plurality of bits composing image data to connect a plurality of constant-current supplies 
in parallel to generate a gray-scale current, which is the sum of supply currents from 
these constant-current supplies. 

10 

Disclosure of the Invention 

However, in a current supply circuit configured according to the conventional art, 
the steady voltage on the output node on which the output currents from these constant- 
current supplies are added up varies corresponding to the level of the gray-scale current 

15 to be supplied, depending on the characteristics of the current driving devices in the 
constant-current supplies. Thus, during the supply of a gray-scale current 
corresponding to image data, the gray-scale current does not settle at a level 
corresponding to image data in the transient period i.e. until the output node reaches a 
steady voltage that corresponds to the gray-scale current. As a result, a current supply 

20 circuit with such a configuration has difficulty in promptly generating an accurate gray- 
scale current for gray-scale display. 

The present invention attempts to solve the problem as stated above. An object 
of the present invention is to provide a current supply circuit capable of promptly 
supplying an analog current corresponding to digital data, and an arrangement of a 

25 display device supplying a gray-scale current using such a current supply circuit. 

A current supply circuit according to the present invention is a current supply 
circuit providing an output current corresponding to digital data of n bits (n is an integer 
not less than 2), including: a current output node electrically connected with a first 
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power supply node via a current driving device during current supply; a current control 
circuit provided between a second power supply node and the current output node and 
receiving the digital data for controlling, corresponding to the digital data, an amount of 
current on a current path established including the current output node between the first 
5 and second power supply nodes during the power supply; and a voltage regulating 

circuit receiving the digital data for forcing, after the current supply starts, a change in 
voltage on the current output node based on the digital data. 

A current supply circuit according to another arrangement of the present 
invention is a current supply circuit providing an output current corresponding to digital 

10 data of n bits (n is an integer not less than 2), including: a current output node 

electrically connected to a first power supply node via a current driving device during 
current supply; a current control circuit provided between a second power supply node 
and the current output node and receiving the digital data for controlling, corresponding 
to the digital data, an amount of current on a current path established including the 

15 current data line between the first and second power supply nodes during the current 

supply; and a current regulating circuit receiving the digital data for moving, prior to the 
current supply, a voltage on the current output node closer to a voltage corresponding 
to the digital data. 

A display device according to the present invention is a display device 

20 performing gray-scale display corresponding to image data of n bits (n is an integer not 
less than 2), including: a current supply circuit for supplying a display current 
corresponding to the image data; a plurality of pixel circuits each including a current- 
driven light-emitting device providing a brightness corresponding to a supplied current 
and a pixel driving circuit for supplying the current-driven light-emitting device with the 

25 current corresponding to the display current; and a current data line for conveying the 
display current, which is provided by the current supply circuit, to the plurality of pixel 
circuits, where the pixel driving circuit has a current driving device connected between 
the current data line and a first power supply node during a predetermined period in 
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which the display current is conveyed thereto, and supplies outside the predetermined 
period the current-driven light-emitting device with a current corresponding to the 
display current conveyed during the predetermined period, and the current supply circuit 
includes: a current control circuit provided between a second power supply node and the 
5 current data line and receiving the image data for controlling, corresponding to the 

image data, an amount of current on a current path established including the current data 
line between the first and second power supply nodes during supply of the display 
current; and a voltage regulating circuit receiving the image data for forcing a change in 
voltage on the current data line based on the image data. 

10 A current supply circuit according to the present invention is capable of forcing, 

from immediately after or before initiation of a current corresponding to digital data, a 
change in voltage on an output node on which a current corresponding to the digital 
data is output, such that a current at a desired level can be promptly generated. 

More particularly, using such a current supply circuit to generate a gray-scale 

15 current for gray-scale display supplied to pixels in a display device provides prompter 
generation of gray-scale current, thereby improving the display quality of the display 
device and reducing the power consumption. Moreover, the voltage on the output 
node reaches a steady state within a short period of time even when the gray-scale 
current is small and a long time would be required for charging without a precharge 

20 circuit, such that the value of current for one gray-level in an image can be reduced, i.e. 
high-precision gray-scale display is possible even for a larger number of data bits, 
thereby providing high image quality. 

Brief Description of the Drawings 
25 Fig. 1 is a block diagram illustrating the entire configuration of a display device 

including a current supply circuit according to the present invention. 

Fig. 2 is a circuit diagram illustrating a configuration of a pixel circuit shown in 

Fig. 1. 
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Fig. 3 is a circuit diagram showing a configuration of a current supply circuit 
according to a first embodiment. 

Fig. 4 is a circuit diagram showing a particular arrangement of the elements in a 
current supply circuit according to the first embodiment. 
5 Fig. 5 is a waveform diagram illustrating the operation of a current supply circuit 

according to the first embodiment. 

Fig. 6 is a schematic diagram illustrating the progression of a data line voltage 
during supply of current by a current supply circuit according to the first embodiment. 

Fig. 7 is a schematic diagram illustrating the effects achieved by a precharge 
10 regulating circuit in a current supply circuit according to the present invention. 

Fig. 8 is a circuit diagram showing a configuration of a current supply circuit 
according to a second embodiment. 

Fig. 9 is a waveform diagram illustrating the operation of a current supply circuit 
according to the second embodiment. 

15 

Best Modes for Carrying Out the Invention 

Embodiments of the present invention are described below in detail with 
reference to the drawings, in which the same designations indicate the same or 
corresponding components. 
20 [First Embodiment] 

Fig. 1 is a block diagram illustrating the entire configuration of a display device 
including a current supply circuit according to the present invention. 

Referring to Fig. 1, a display device 10 includes a display panel section 30 having 
a plurality of pixel circuits 20 arranged in a matrix, a scan circuit 40 and a gray-scale 
25 current generator 50. 

In the following description, display device 10 produces an image corresponding 
to six-bit image data composed of data bits DO - D5, which means that each pixel 
performs, based on six-bit image data, gray-scale display in 2 6 = 64 gray-levels. 
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Each pixel circuit 20 has a current-driven light-emitting device (such as an EL 
device or light-emitting diode), as described in detail further below. Plurality of pixel 
circuits 20 in display panel section 30 are arranged in a matrix. A scan line SL is 
provided for each row of pixels (hereinafter also referred to simply as "pixel row"), 
5 while a data line DL is provided for each column of pixels (hereinafter also referred to 
simply as "pixel column"). 

In each pixel row, three pixel circuits 20 form one color display unit 3 1 that is 
capable of displaying red (R), green (G) and blue (B) using its three pixel circuits 20 to 
produce a color image. 
10 Scan circuit 40 responds to a clock CLKV indicating a predetermined scan 

period and successively selects a pixel row. Scan circuit 40 activates a scan line SL 
corresponding to the selected row to a selected state, while inactivating the remaining 
scan lines SL to an unselected state. Thus, each scan line SL is sequentially activated 
to the selected state within a constant period. 
15 Gray-scale current generator 50 includes a shift register 52, a latch circuit 54 and 

a current supply circuit 100. 

Shift register 52 responds to a clock CLKH indicating a predetermined period 
and generates a group of control signals 53 that include control signals for successively 
selecting pixel rows and a group of associated timing signals. 
20 Latch circuit 54 responds to a latch signal contained in the group of control 

signals 53 provided from shift register 52, and captures data bits DO - D5 corresponding 
to one of red (R), green (G) and blue (B). Further, latch circuit 54 responds to holds 
data bits DO - D5 to generate control signals VcntO -Vcnt5 for controlling the operation 
of a current supply circuit 100 and holds three pairs of data bits D0-D5 corresponding to 
25 red (R), green (G) and blue (B), respectively. Although Fig. 1 illustrates one latch 

circuit 54 provided for three pixel columns composing one color display unit 31, such a 
latch circuit may be provided for each pixel column or may be provided for more pixel 
columns. 
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Since pixel circuits 20 that each display red (R), green (G) or blue (B) are 
configured and operated in similar fashion, the configuration and operation of pixels are 
described in the following description in a general term and without distinguishing them 
for their displayed colors. 
5 A current supply circuit 100 is provided for each data line DL, and responds to a 

control signal Vstg defining a time for precharging and to control signals VcntO - VcntS 
from latch circuit 54 to supply a gray-scale current corresponding to data bits DO - D5 
to a corresponding data line DL. 

In the following description, gray-scale currents corresponding to 64 (2 6 ) gray- 
10 levels are indicated as currents 10 - 163. The difference between current levels for 

adjacent gray-levels are equal to each other, i.e., 10 = 0 and 163 - 162 = 162 - 161= • ■ •= 
13-12 = 12-11 =11 -10 = 11. 

Although Fig. 1 illustrates a configuration of a display device in which scan 
circuit 40 and gray-scale current generator 50 are integrally constructed with display 
15 panel section 30, these circuit portions may be external to display panel section 30. 

Fig. 2 is a circuit diagram showing a configuration of a pixel circuit 20 shown in 
Fig. 1 . By way of example, Fig. 2 shows a current-programmed pixel circuit 
configuration with a current-driven light-emitting device including an organic light- 
emitting diode (OLED). 
20 Referring to Fig. 2, pixel circuit 20 includes an organic light-emitting diode 21 

and a pixel driving circuit 22. Pixel driving circuit 22 receives a gray-scale current 
transferred from a current supply circuit 100 via a data line DL, and supplies organic 
light-emitting diode 2 1 with a current corresponding to the transferred gray-scale 
current. Pixel driving circuit 22 has p-type TFTs 23, 26 and 27, as well as an n-type 
25 TFT 24 and a capacitor 25. 

The current driving device i.e. p-type TFT 23 has a source connected with a 
power supply node 1 1 providing a power supply voltage Vdd, a drain connected with a 
node Na, and a gate connected with a node Nb. Capacitor 25 is connected between 
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power supply node 1 1 and node Nb to maintain a source-gate voltage (hereinafter also 
referred to as "gate voltage") of p-type TFT 23. 

P-type TFT 26 serves as a switching device for controlling the connectivity 
between nodes Na and Nb, while p-type TFT 27 serves as a switching device for 
5 controlling the connectivity between data line DL and node Na. N-type TFT 24 serves 
as a switching device for controlling the connectivity between node Na and organic 
light-emitting diode 21. N-type TFT 24 and p-type TFTs 26 and 27 each have their 
gates connected with a corresponding scan line SL. 

Organic light-emitting diode 21 is connected between n-type TFT 24 and a 

10 power supply node 12 that provides a predetermined voltage Vss (for example a ground 
voltage), that is, power supply node 12 corresponds to a common electrode. Fig. 2 
shows a representative configuration, "cathode common", in which the cathode of 
organic light-emitting diode 21 is connected with a common electrode. Organic light- 
emitting diode 21 provides a brightness corresponding to a supplied current. 

15 In the pixel circuit of the present embodiment, the selected state means p-type 

TFTs 26 and 27 being turned on i.e. scan line SL being at a logical low level (hereinafter 
referred to simply as "L level") and the unselected state means n-type TFT 24 being 
turned on i.e. scan line SL being at a logical high level (hereinafter referred to simply as 
"H level"). 

20 In a pixel in which its corresponding scan line SL is set to the selected state (L 

level), p-type TFTs 26 and 27 are turned on such that a current path is established from 
power supply node 1 1 (supply voltage Vdd) through p-type TFTs 23 and 27 and data 
line DL to current supply circuit 100, and a gray-scale current controlled by current 
supply circuit 100 is allowed to flow into this current path. 

25 At this moment, current driving circuit 22 establishes connectivity between the 

drain and gate of the current driving device i.e. p-type TFT 23 by p-type TFT 26 and p- 
type TFT 23 is diode-connected. Further, a state of the current driving device allowing 
a gray-scale current to flow, i.e. the gate voltage of p-type TFT 23 is maintained by 
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capacitor 25. Thus, a gray-scale current corresponding to image data is programmed 
by pixel driving circuit 22 during scan line SL being selected. 

Subsequently, when the subject to be scanned is switched and the corresponding 
scan line SL is set to the unselected state (H level), p-type TFTs 26, 27 are turned off 
5 and n-type TFT 24 is turned on. Thus, pixel circuit 20 establishes a current path from 
power supply node 1 1 (supply voltage Vdd) through p-type TFT 23, n-type TFT 24 and 
organic light-emitting diode 21 to power supply node 12 (predetermined voltage Vss), 
and a current corresponding to the gate voltage in p-type TFT 23 is allowed to flow into 
the current path. As a result, a gray-scale current programmed while scan line SL was 
10 selected can be continuously supplied to organic light-emitting diode 21 even while scan 
line SL is unselected. In this way, the display brightness for each pixel circuit may be 
updated corresponding to the selection of a scan line SL and is maintained, even while 
this scan line SL is unselected, at a level set while the scan line was selected. 

Fig. 3 is a circuit diagram showing a structure of a current supply circuit 100 
15 according to the first embodiment. 

Referring to Fig. 3, current supply circuit 100 includes a current control circuit 
1 10, a precharge switch 140 and precharge regulating circuit 150. Current supply 
circuit 1 00 supplies a data line DL, which corresponds to a current output node, with a 
gray-scale current, which is an analog current corresponding to digital data composed of 
20 data bits DO -D5. 

Current control circuit 110 has constant-current supplies 120 - 125 and 
switching devices 130 - 135 corresponding to respective data bits DO - D5. Switching 
devices 130 - 135 are connected in series to constant-current supplies 120 - 125, 
respectively, between data line DL and power supply node 12. Although power supply 
25 node 12, to which constant-current supplies 120 - 125 are connected, may not 

necessarily be identical with the common electrode, it is illustrated as a node supplying 
the same prescribed voltage Vss as with the common electrode, using the same 
designation as power supply node 12 in Fig. 2. Alternatively, power supply node 12 
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shown in Fig. 3 may be substituted with another power supply node providing a voltage 
other than the prescribed voltage Vss. 

Constant-current supplies 120 - 125 provide constant currents that are weighed 
corresponding to the least significant bit (LSB) i.e. data bit DO up to the most significant 
5 bit (MSB) i.e. data bit D5, respectively. Specifically, constant-current supply 120 
provides a current II, constant-current supply 121 provides a current 12, constant- . 
current supply 122 provides a current 14, constant-current supply 123 provides a current 
18, constant-current supply 124 provides a current 116, and constant-current supply 125 
provides a current 132. 

10 Switching devices 130 - 135 switch on and off in response to respective control 

signals VcntO -Vcnt5 ■ Each of switching devices 130 - 135 switches on when a 
corresponding control signal Vent (generally designating control signals VcntO -Vcnt5) 
is at H level, and switches off for L level. Control signals VcntO -Vcnt5 are set to H 
. level when corresponding data bits DO - D5 are " 1 " at the time of supply of a gray-scale 

15 current, while they are set to L level for "0". 

Thus, depending on the combination of data bits DO - D5, a current can flow 
between power supply node 12 (predetermined voltage Vss) and data line DL 
electrically connected with power supply node 1 1 (supply voltage Vdd) in the region of 
pixel circuit 20 by a constant-current supply with a corresponding data bit of "1", 

20 corresponding to data bits DO - D5. That is, gray-scale currents in 64 levels, i.e. 

currents 10, II - 163 can be supplied to data line DL corresponding to (D5, D4, D3, D2, 
D1,D0) = (0, 0, 0, 0, 0, 0)-(l, 1, 1, 1, 1, 1). 

The steady voltage Vst on data line DL when a gray-scale current is supplied is 
determined based on the voltage-current characteristics of a current driving device (p- 

25 type TFT 23 in Fig. 2) for the time when the gray-scale current is allowed to flow to 
data line DL. In other words, when a gray-scale current is supplied, the gray-scale 
current supplied to data line DL and pixel circuit 20 is not yet settled to a level precisely 
corresponding to data bits DO - D5 during the transient period i.e. until the voltage on 
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data line DL (hereinafter referred to simply as "data line voltage") settles to a steady 
voltage Vst corresponding to the gray-scale current. 

Prior to supply of the gray-scale current, precharge switch 140 precharges data 
line DL to a predetermined voltage (precharge voltage) Vbf by switching on in response 
5 to control signal Vstg. For example, precharge switch 140 can be constructed by an n- 
type TFT that is connected between data line DL and a node supplying predetermined 
voltage Vbf, to receive control signal Vstg at its gate. 

Precharge regulating circuit 150 has switching devices 160 - 165, 170 - 175 and 
capacitors CO - C5. Capacitors CO - C5 are connected between nodes NO - N5, 
10 respectively, and a predetermined voltage. 

Switching devices 160 - 165 are provided between charging voltages V0 - V5 
and nodes NO - N5, respectively, each switching on and off in response to control signal 
Vstg common to themselves and precharge switch 140. 

Switching devices 170 - 175 are provided between nodes NO - N5, respectively, 
15 and data line DL and switch on and off in response to control signals VcntO -Vcnt5, 
respectively, common to themselves and switching devices 130 - 135. Switching 
devices 160 - 165, 170 - 175 each may be constructed by an n-type TFT, as a 
representative example. 

Thus, switching devices 160 and 170 and capacitor CO form a precharge 
20 regulating unit for data bit DO. Similarly, switching devices 161- 165 and 171-175 and 
capacitors CI- C5 form precharge regulating units for data bits Dl - D5, respectively. 

Fig. 4 illustrates a particular arrangement of the elements in the current control 
circuit and a precharge regulating circuit shown in Fig. 3, represented by a circuit 
portion for data bit DO. 

25 Referring to Fig. 4, all of switching devices 130, 160 and 170 are constructed by 

n-type TFTs, although they may be constructed by either n-type or p-type TFTs. 
Specifically, the conductivity types of TFT devices used for switching devices 130, 160 
and 170 may be combined as: (device 130, device 160, device 170) = (p-type, p-type, p- 
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type), (n-type, p-type, n-type) or (p-type, n-type, p-type). 

The arrangement of the elements in the current control circuit and the precharge 
regulating circuit illustrated in Fig. 4 also applies to the circuit portions for other data 
bits than DO. 

Since current supply circuit 100 is disposed for each data line DL, the disposition 
of the circuitry generally causes more difficulty as the resolution of the display device is 
increased and the width of each column in the display device is decreased. In the 
arrangement of the elements shown in Fig. 4, however, constant-current supply 120, 
capacitor CO and switching devices 130, 1 60, 1 70 for the common data bit (DO) are 
aligned in the direction along the columns, and the current conduction direction for 
switching devices 130, 160, 170 is parallel to data line DL, thereby decreasing the circuit 
width W, which is advantageous in the integration of circuitry. 

The operation of current supply circuit 100 is now described with reference to 

Fig. 5. 

Referring to Fig. 5, prior to time tl at which the current supply period begins, 
control signals VcntO -Vcnt5 are set to L level without regard to the level of data bits 
DO - D5. 

Further, during the capacity charging period (between times tO and tl) which 
precedes the current supply period, control signal Vstg is set to H level and switching 
devices 140, 160-165 are turned on. Thus, during the capacity charging period, data 
line DL is charged to predetermined voltage Vbf while capacitors C0-C5 are charged by 
charging voltages V0-V5, respectively. 

At time 1 1 , the scan line SL of a selected row changes from the unselected state 
(H level) to the selected state (L level) to provide current to the selected row's pixels. 
The scan line SL is maintained at the selected state until time t2, at which the subject to 
be scanned is switched. 

When the scan line SL of the selected row is set to the selected state, data line 
DL is electrically connected to power supply node 1 1 (supply voltage Vdd) by the pixel 
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circuit 20 of the selected row via the current driving device (p-type TFT 23), as 
described above. 

During the current supply period (between times tl and t2), control signals 
VcntO -VcntS are set based on data bits DO - D5, respectively, to corresponding levels. 
5 Fig. 5 illustrates data bits DO - D5 as: (D5, D4, D3, D2, Dl, DO) = (1, 1, 0, 0, 1, 1). 

Thus, switching devices 130, 131, 134 and 135 with a corresponding data bit of 
"1" are turned on to connect constant-current supplies 120, 121, 124, 125 with data line 
DL. Accordingly, the current along data line DL, that is, the gray-scale current 
supplied by current supply circuit 100, is set to the sum of supply currents from 
10 constant-current supplies 120, 121, 124 and 125 i.e. II + 12 + 116 + 132 = 151. 

To reach a steady state, the data line voltage comes to settle at a steady voltage, 
which corresponds to the current 151, and when the data line voltage reaches the steady 
voltage, the gray-scale current along data line DL also settles at the current 15 1, which 
corresponds to image data. The steady voltage on data line DL varies depending on 
15 data bits DO - D5. The level of the steady voltage can be uniquely determined in 

advance by the level of the gray-scale current determined based on data bits DO - D5, 
and the characteristics of the current driving devices. 

In response to control signals VcntO -Vcnt5, switching devices 130, 131, 134 
and 135 as well as switching devices 170, 171, 174 and 175 switch on. Accordingly, 
20 from the beginning of the current supply period onward, data line DL is connected to 
capacitors CO, CI, C4, C5 with a corresponding data bit of M l". Thus, while the 
current supply is performed as described above, charge is exchanged between data line 
DL and capacitors CO, CI, C4, C5. 

In precharge regulating circuit 150, the connectivity between data line DL and 
25 capacitors CO - C5 is regulated depending on data bits DO - D5 such that precharge 
regulating circuit 1 50 is capable of forcing a change in voltage on data line DL 
corresponding to data bits DO - D5. As detailed below, precharge regulating circuit 
150 is configured such that the exchange of electric charge between precharge 
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regulating circuit 150 and data line DL moves the data line voltage closer to a steady 
voltage for data line DL corresponding to data bits DO - D5. 

Fig. 6 is a schematic diagram illustrating the progression of a data line voltage 
during current supply by a current supply circuit according to the first embodiment. 
5 In Fig. 6, the progression of a data line voltage during current supply by current 

supply circuit 100 according to the present invention is designated by the numeral 200. 
For comparison, numeral 210 designates the progression of data line voltage where data 
line DL is precharged to a predetermined voltage before a gray-scale current is supplied 
without precharge regulating circuit 150 in current supply circuit 100. 
10 Referring to Fig. 6, immediately after the current supply begins at time tl, 

current supply circuit 100 of the present invention performs the exchange of charge 
depending on data bits DO - D5 between data line DL and precharge regulating circuit 
150 to force the data line voltage from the precharge voltage closer to the steady 
voltage Vst. In this way, after a lapse from time tl to settling time Tsl, the data line 
15 voltage reaches the steady voltage Vst, after which an accurate gray-scale current can be 
provided to data line DL. 

In the contrary, the arrangement without a precharge regulating circuit 150 
allows the data line voltage to come closer to the steady voltage Vst only by virtue of 
the discharge performed by the constant-current supply connected to data line DL 
20 corresponding to data bits DO - D5. In this case, the settling time Ts2 is longer than 
the settling time Tsl for current supply circuit 100. 

Thus, current supply circuit 100 of the present invention can promptly generate 
an analog current at a level corresponding to digital data. Using such a current supply 
circuit to generate a gray-scale current supplied to each pixel for gray-scale display, 
25 provides prompter generation of gray-scale current and improved display quality for a 
display device as well as reduced power consumption. 

Moreover, the data line voltage reaches a steady state within a short period of 
time even when the gray-scale current is small and a long time would be required for 
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charging without a precharge circuit, such that the value of current for one gray-level in 
an image can be reduced, i.e. high-precision gray-scale display is possible even for a 
larger number of data bits, thereby providing high image quality. 

Now, a design of the predetermined voltages Vbf, VO -V5 and the capacitances 
of capacitors CO - C5, which determine the characteristics of precharge regulating 
circuit 150, will be described in detail. 

During the current supply period i.e. the writing of current to the pixel circuit, p- 
type TFT 23 (current driving device) within pixel circuit 20 passes a gray-scale current 
while diode-connected. The drain current Id of a p-type transistor with its gate and 
drain connected with each other and its source connected to supply voltage Vdd is 
represented as a function of drain voltage Vd as in the following equation (1). In 
equation (1), the drain current Id [Vd] indicates a drain current Id for the drain voltage 
Vd. 

Id [Vd] = (p/2) ■ (Vdd - Vd - Vth) 2 ...(1) 
Where (3 = ([i • W * Cox) /L, P is the current coefficient, \i is the average 

mobility, W is the gate channel width, Cox is the gate capacity (per unit area), L is the 

gate channel length, and Vth is the threshold voltage. 

In the case that the current driving device is an n-type transistor with its source 

connected with the ground voltage (0V), equation (1) may be substituted with the 

following equation (2) to determine the drain current: 

Id [Vd] = (p/2) • (Vd - Vth) 2 ...(2) 
Accordingly, from either equation (1) or (2), the drain voltage Vd or the steady 

voltage on data line DL can be uniquely determined depending on the level of the drain 

current Id or gray-scale current. 

The conditions under which precharge regulating circuit 150 performs the 

optimal exchange of charge can be determined by solving a conservation of charge while 

taking this steady voltage Vst into consideration. That is, the predetermined voltages 

Vbf, VO through V5 and the capacitances of capacitors C0-C5 can be determined by 
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solving a conservation of charge between before and after switching devices 170-175 
switch on, while taking the steady voltage on the data line into consideration. 

Suppose that the data line voltage after switching devices 170 - 175 switch on in 
response to data bits DO - D5 i.e. after precharge regulating circuit 150 is operated is 
5 Vaf, then a conservation of charge between precharge regulating circuit 150 and data 

line DL established before and after switching devices 170-175 switch on is represented 
by the following equation (3). It should be noted that the capacitances of capacitors 
CO - C5 are also referred to as CO - C5 in the following description. 

(Csg + ZCk) • Vaf = Csg • Vbf + 2 (Ck • Vk) ... (3) 

10 Here, Csg is the data line capacity and k is a k when Dk = " 1 11 for k = 0 to 5. 

To promptly settle the gray-scale current, voltage Vaf is desirably the same as a 
steady voltage Vst determined in the above equation (1) or (2). Accordingly, equation 
(3) where the steady voltage Vst is assigned to Vaf for the 64 combinations of data bits 
DO - D5 may be solved as simultaneous equations to determine the voltages Vbf, V0 - 
15 V5 and capacitances CO - C5. 

It was assumed here that, as one exemplary design, Csg = 2pF (picofarad), V5 = 
IV and the supply voltage Vdd = 8.5V, the current coefficient (3/2) = 1.9 x 10" 7 (also 
referred to as 1.9E - 7). 

Since there are twelve unknowns, equations (4) through (15) may be solved as 
20 simultaneous equations to determine representative 12 out of 64 combinations. 

It should be noted that, in equations (4) through (15), voltage Vd [Id = x] 
indicates the drain voltage Vd (i.e. steady voltage Vst) for the drain current (gray-scale 
current) Id = x. Voltage Vd [Id = x] may be determined by the above equation (1). 



(2 + C5) x vd [Id = 132] = 2 x Vbf + C5 x V5 ...(4) 

25 (2 + C4) x Vd [Id = 116] =2 x Vbf + C4 x V4 ...(5) 

(2 + C3) x Vd [Id = 18] = 2 x Vbf + C3 x V3 ...(6) 

(2 + C2) x vd [Id = 14] = 2 x Vbf + C2 x V2 ...(7) 

(2 + CI) x vd [Id = 12] = 2 x Vbf + CI x VI ...(8) 
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(2 + CO) x vd [Id = II] = 2 x Vbf + CO * VO ...(9) 
(2 + C5+ C4) x Vd [Id = 148] = 2 * Vbf + C5 x V5 + C4 x V4 ...(10) 
(2 + C4+ C3) x Vd [Id = 124] = 2 x Vbf + C4 x V4 + C3 x V3 ...(11) 
(2 + C3+ C2) x Vd [Id = 112] = 2 x Vbf + C3 x V3 + C2 x V2 ...(12) 
5 (2 + C2+ CI) x Vd [Id = 16] = 2 x Vbf + C2 x V2 + CI x VI ...(13) 

(2 + C1+ CO) x Vd [Id = 13] = 2 x Vbf + CI x VI + CO x VO ...(14) 
(2 + C0+ C5) x Vd [Id - 133] = 2 x Vbf + CO x VO + C5 x V5 ...(15) 
For example, if 132 = l.OE - 6 (1.0 \xA is a microampere), equations (4) through 
(15) may be solved as simultaneous equations to provide the following results: 
10 Vbf = 5.27V, VO = 1 .96V, VI = 3.54V, V2 = 2.89V, V3 = 2.57V, 

V4 = - 0.29V, (V5 = 1.0V). 
Further, 

C0 = 0.11pF, CI = 0.50pF, C2 = 0.65pF, C3 = 1.03pF, C4 = 0.67pF, 
C5 = 1.87pF. 

15 Fig. 7 is a schematic diagram illustrating the effects achieved by a precharge 

regulating circuit in a current supply circuit according to the present invention. 

Referring to Fig. 7, the horizontal axis indicates the current on data line DL i.e. 
gray-scale current, while the vertical axis indicates the data line voltage. A 
characteristic line 220 indicates the relation between the drain voltage (data line voltage) 
20 and the drain current (data line current i.e. gray-scale current) of a current driving device 
(p-type TFT 23) in a pixel circuit indicated by the above equation (1). 

Further, for each of the gray-scale current levels that are set as gray-levels 
corresponding to data bits DO - D5, capacitances CO - C5 as well as voltages Vbf, VO - 
V5 determined above are used to determine the voltage Vaf corresponding to each gray- 
25 scale current using the above equation (3), as indicated by characteristic dots 230. 

That is, the data line voltages indicated by characteristic dots 230 correspond to the 
voltages achieved by the exchange of charge by precharge regulating circuit 150. 

As understood from comparison between characteristic line 220 and the plotted 
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characteristic dots 230, a precharge regulating circuit 150 designed as above is capable 
of promptly moving the data line voltage closer to a steady voltage after current supply 
starts. As a result, as explained with reference to Fig. 6, a gray-scale current at a level 
corresponding to data bits DO - D5 can be promptly produced on data line DL. 
5 [Second Embodiment] 

Fig. 8 is a circuit diagram showing a configuration of a current supply circuit 
according to a second embodiment. 

As will be apparent from the following description, current supply circuit 100# 
according to the second embodiment is different from current supply circuit 100 

10 according to the first embodiment in the timing of operation of precharge regulating 
circuit 150, but similar to current supply circuit 100 in the configuration of the other 
parts and the basic operation. Accordingly, current supply circuit 1 00 in the 
configuration shown in Fig. 1 may be substituted with current supply circuit 100# of Fig. 
8 to construct a display device having similar effects. 

15 Referring to Fig. 8, current supply circuit 100# according to the second 

embodiment is different from current supply circuit 100 according to the first 
embodiment shown in Fig. 3 in that control signals Vcnt0# - Vcnt5# controlling the on- 
and off-states of switching devices 170 - 175 are independently set from control signals 
VcntO -Vcnt5 controlling the on- and off-states of switching devices 130 - 135. The 

20 configuration of the other parts is similar to that in current supply circuit 100 shown in 
Fig. 3 and, therefore, is not described in detail again. 

Fig. 9 is a waveform diagram illustrating the operation of a current supply circuit 
according to the second embodiment. 

Referring to Fig. 9, in current supply circuit 100# according to the second 

25 embodiment, control signals VcntO - Vcnt5, similar to those shown in Fig. 5, are set to L 
level until time tl at which current supply starts, and are set to levels corresponding to 
respective data bits DO - D5 during the current supply period. The capacity charging 
period is completed at time ta, prior to time tl. 
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Accordingly, control signal Vstg is set to H level between times tO and ta, and is 
set to L level after time ta. As a result, at time ta, precharge switch 140 is turned off 
while switching devices 160 - 165 for charging the capacitors are also turned off. 

From time ta onward, control signals Vcnt0# -Vcnt5# are set to levels 
corresponding to data bits DO - D5, which levels are maintained until time t2. That is, 
control signals Vcnt0# -Vcnt5# are set to the same levels as for control signals VcntO - 
VcntS earlier than control signals VcntO -Vcnt5. 

As a result, in times ta - tl i.e. before current supply is started at time tl, the 
data line voltage can be moved in advance closer to a steady voltage for the supply of 
gray-scale currents corresponding to data bits DO - D5. Current supply is then started, 
thereby allowing prompt generation of gray-scale current in the arrangement according 
to the second embodiment similar to the current supply circuit according to the first 
embodiment. 

Control signals Vstg, VcntO -Vent 5, Vcnt0# -Vcnt5# illustrated in the first and 
second embodiments may be provided by generating a group of control signals 53 i.e. 
timing signals corresponding to clock CLKH, which is used to successively select pixel 
columns, delayed by shift register 52 as appropriate, and performing logical operation on 
data bits DO - D5 and the group of control signals 53 in latch circuit 54. 

In the above description, an arrangement of the present invention has been 
described in which each pixel performs gray-scale display corresponding to six-bit digital 
data composed of data bits DO - D5. However, the number of bits in digital data is not 
limited thereto and the number of constant-current supplies 120 -125 contained in a 
constant-current circuit and the number of charging capacitors CO -C5 in precharge 
regulating circuit 150 can be provided depending on the number of bits such that the 
current supply circuit of the present invention can be applied for a desired number of bits. 

Moreover, the arrangement of pixels shown in Fig. 2 is a representative example 
only, and the present invention can be applied to a display device including a pixel 
containing a pixel driving circuit in a desired arrangement including a current driving 
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device electrically connected to data line DL for passing a gray-scale current during the 
period of writing with current, and a current-driven light-emitting device. 

The embodiments disclosed herein should be considered to be by way of example 
only and not by way of limitation. The scope of the present invention is set forth in the 
claims rather than the above description, and intends to include all the modifications 
within the spirit and scope equivalent to those defined in the claims. 

Industrial Applicability 

The present invention is suitable for various devices including a circuit that 
supplies a current corresponding to digital data, such as a self-emitting display device 
having pixels constructed by current-driven light-emitting devices. 
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